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After theoretical determination of the internal structural coordinates in Li2PdsB, we calculate 
and analyze its electronic structure and obtain the frequencies of the two A g phonons (40.6 meV 
for nearly pure Li mode, 13.0 meV for the strongly mixed Pd-Li mode). Pd can be ascribed a Ad 10 
configuration, but strong Ad character remains up to the Fermi level. Small regions of flat bands 
occur at —70 meV at both the F and X points. Comparison of the Fermi level density of states to the 
linear specific heat coefficient gives a dynamic mass enhancement of A = 0.75. Rough Fermi surface 
averages of the deformation potentials T> of individual Pd and Li displacements are obtained. While 
(2?Li) is small, (T> Pi ) ~ 1.15 eV/A is sizable, and a plausible case exists for its superconductivity at 
8 K being driven primarily by coupling to Pd vibrations. The larger d bandwidth in Li2PtaB leads 
to important differences in the bands near the Fermi surface. The effect on the band structure of 
spin-orbit coupling plus lack of inversion is striking, and is much larger in the Pt compound. 

PACS numbers: 74.70.Ad,71.20.Be,71.20.Dg 



I. INTRODUCTION 

The occurrence of superconductivity in com- 
pounds without inversion symmetry is an issue that 
has surfaced recently. Although there seems to 
be very few compounds without a center of inver- 
sion which display robust superconductivity, a look 
at basic BCS theory reveals no severe obstruction 
to pairing, as long as there is no ferromagnetism, 
because time- reversal invariance (i.e., lack of mag- 
netism) is sufficient to guarantee inversion symmetry 
in the Fermi surface {e^ka=£k<y)i therefore allowing 
zero momentum (q = 0) pairing. Ferromagnetism 
splits the spin (a) degeneracy, restricting q = pair- 
ing to triplet pairs. If inversion symmetry is lost, 
however, spin-orbit coupling (SOC) removes the spin 
degeneracy^, so that q — pairing may be very 
sensitive to magnetism (including applied magnetic 
fields). HQ 

The lack of inversion symmetry has been sug- 
gested as a factor in the absence of superconduc- 
tivity in MnSi|fj|, there are however other pecu- 
liar aspects of the space group (and resulting band 
structure) Q that hamper elucidation of the effects 
of lack of inversion. Very recently a few examples 
of superconductivity in crystalline materials without 
inversion symmetry have been reported. CePtsSi, 
with a crystal structure that is not close to any 
structure with inversion, has been found to be su- 
perconducting at T c = 0.75 K.[l| The properties of 
this system are complicated due to its heavy fermion 
nature. SOC effects might be expected to cause 
complications |3( (due to the cerium) and the fact 
that superconductivity arises within the antiferro- 
magnetic phase (T^ = 2.2 K) with enforced spin 
degeneracy may be relevant. Pressure induced su- 



perconductivity at P c = 2.6 GPa and very low T c 
= 0.14 K has been observed in Ulr. 9] Electrons in 
Ulr will experience strong SOC, however the crystal 
structure is only a small distortion away from one 
with inversion, so the effects of lack of inversion can 
only be determined by direct calculation. 

Recently Li2PdaB with a cubic but peculiar crys- 
tal structure without inversion symmetry has been 
discovered to be a T c = 8 K superconductor by 
Togano and coworkers. 

nana 

It has an upper crit- 
ical field H C 2 = 4 T, and the Ginzburg-Landau pa- 
rameter k — 21, marking it as a strongly type- 
II superconductor. [IH Although there has been a 
suggestion^ the superconductivity is dominated 
by strong electronic correlations related to three 
kinds of the Pd-Pd bond length, experimental 
data is readily interpreted without any need for in- 
voking correlation effects. 0,0] Moreover, the den- 
sity of states presented by Chandra et al. indi- 
cates that the Pd Ad bands are essentially completely 
filled, [lj| leaving no reasonable expectation of cor- 
relation effects on the Pd site. The entire alloy sys- 
tem Li2B(Pdi_ a; Pt a ;)3 has been studied, and it was 
found 17] that T c decreases almost linearly from 8 
K (Pd end) to 2.8 K (Pt end). Since the volume is 
unchanged (the lattice constant of Li2PtsB is 0.03% 
larger), the difference is due to (1) the slightly differ- 
ent chemistry of Pt, (2) the mass difference, or (3) 
the effect of stronger SOC combined with the lack 
of inversion symmetry of this lattice. Interpreted 
as an isotope shift a= — d(log T c )/d(log M) leads 
to a greater than unity, although changes in both 
T c and the mass M are too large for the differential 
definition of a to be realistic. 

The Li2PdaB structure has been described as 
a three-dimensionally distorted antiperovskite,[13j 



characterized by strongly distorted corner-sharing 
BPdg octahedra. Thus on the local structural level 
Li 2 Pd3B appears to have similarity to MgCNk.[l8| 
which is also an 8 K superconductor and has a sim- 
ilar valence balance (one more valence electron per 
formula unit). The lack of inversion symmetry is 
however only one aspect of the strong difference be- 
tween the structures of Li 2 Pd3B and MgCNi 3 . The 
structure and space group are discussed in some de- 
tail in Sec. II. There are several Pd and Pt based 
(anti)perovskite compoundsjl9j| that may be more 
strongly related to I^PdaB, but they have not been 
studied nearly so thoroughly. 

In this paper, we investigate in detail the elec- 
tronic structure of I^PdsB and its relation to the lo- 
cal bonding and to the global symmetry of the crys- 
tal structure. We also begin some investigation into 
the lattice dynamics and electron-phonon coupling 
by studying the symmetric vibration of the Li and 
Pd atoms. We obtain rough estimates of the con- 
tribution of Li and Pd motions to electron-phonon 
coupling strength, and obtain a plausible case that 
Pd motion is the primary driver of superconductiv- 
ity. 



II. STRUCTURE AND CALCULATION 
METHOD 

Our calculations were based on the experimentally 
reported structure[13( (cubic P4332, No. 212), con- 
taining four formula units per primitive cubic cell, 
using the lattice constant 6.7436 A obtained by 
Togano et aL^(j The peculiarity of the structure 
is already evident at a basic level: the simple cube 
cell contains four BPd6 octahedra. This is not pos- 
sible by simply enlarging the cubic perovskite cell, 
as its cubic supercells contain 8, 27, ... p 3 octahe- 
dra for a p x p x p supercell. Thus the topology of 
the BPdg octahedra network is distinct from a per- 
ovskite such as MgCNi3. This space group consists 
of a threefold axis without any associated nonprimi- 
tive translation; all other rotations are paired with a 
(i, i,0), (i, i, |), or (§, §, i) type translation. Lack 
of inversion leaves 24 operations in the point group. 

Pd atoms lie at 12d sites (|,xi,-| — x%) with 
very low (twofold rotational) symmetry, with re- 
ported x\ — 0.30417. Li atoms reside at 8c sites 
(x2, X2,X2) with threefold symmetry, with reported 
X2 = 0.3072.^]| B atoms within Pd octahedra lie on 
4b sites (§,§,§) and have "32" (threefold+twofold) 
symmetry. While the B atom lies at the center of 
mass (CM) of the Pd octahedron and the B-Pd dis- 
tances are all equal (2.135 A), the octahedron is 
strongly distorted. The Pd-B-Pd bond angles are 
162° that would be 180° in a cubic perovskite, and 



TABLE I: Significant interatomic distances (in A) after 
relaxation. Compared with the experimentally reported 
value. |l3j| (|) and (J.) indicate increase and decrease, re- 
spectively. Note that all B-Pd nearest neighbor distances 
are identical. 



Pd- 


-Pd 


4x2.779(1), 2x2.989(1), 


2x3.540(1) 


Pd- 


-B 


2x2.135(1), 1x4.113(1) 




Pd- 


-Li 


2x2.693(1), 2x2.838(1), 


2x3.864(1) 


Li- 


Li 


3x2.584(|) 





the 90° angles become 81°, 89°, and 112°. The dis- 
tortion keeps one pair of opposing faces of the octa- 
hedron perpendicular to the local threefold < 111 > 
direction. 

The B sublattice consists of symmetry-determined 
sites, which for the four in the primitive cube lie 
at (1,1,1), (-3,3,-1), (-1,-3,3), and (3,-1,-3) 
in units of | and with respect to CM of the four. 
Each B lies on a threefold axis, with B-CM-B angles 
of 97.6° and 118.3°, so they are not tetrahedrally 
placed with respect to their CM. This arrangement 
results in each B atom lying at a connecting vertex 
of three equilateral triangles of B atoms with side 
length 4.1356 A. This local connectivity makes the 
B sublattice resemble a three dimensional general- 
ization of the Kagome lattice, that is, a 3D network 
of interconnected triangles. 

Due to the low xray scattering cross section for Li 
atoms, the Li position may not have been accurately 
determined. The two internal parameters mentioned 
above (Li and Pd) were relaxed within the local den- 
sity approximation, using the methods discussed be- 
low. After relaxation, we obtain for Pd x\ = 0.3057 
(different by +0.014 A) and for Li x 2 = 0.3018 (dif- 
ferent by —0.063 A). This difference for Li may be 
large enough to have significance for the electronic 
structure. The resulting interatomic distances are 
given in Tabled 

The calculations were done with the full-potential 
nonorthogonal local-orbital minimum-basis method 
(FPLO).[2(| The fully relativistic scheme, im- 
plicitly equivalent to the spin-orbit coupling, imple- 
mented in FPLO was also used. Valence bands in- 
cluded Pd 4s4p5s5p4d, Li Is2s2p3d, and B 2s2p3d. 
The Brillouin zone was sampled with 200 (16 x 16 x 
16) irreducible k points. 
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FIG. 1: Total DOS for both spins per a formula unit of 
Li2PdaB. Every occupied band, except B 2s band lying 
on —10 cV to —8 eV, is strongly mixed above —6.7 eV. 
But, states from —6 eV to —1 eV are mostly Pd Ad states. 
The vertical dashed line indicates the Fermi energy. 
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FIG. 2: (Color online)Atomic and orbital projected DOS 
per atom near the Fermi energy. (The total DOS is given 
for per eV per formula unit.) N(0) is decomposed into 
Pd 60%, Li 20%, and B 20%, but in particular Pd Ad 
50%. Note different scale of N(E) for each plot. The 
vertical dashed line indicates the Fermi energy. 



III. RESULTS AND INTERPRETATION 

A. Electronic structure 

The density of states (DOS) of the full valence 
band is given in Fig. ^ an d agrees with the result 



of Chandra et al. 16] B 2s states are separate in the 

— 10 eV to —8 eV range. The other occupied bands 
are a mixture of B 2p, Li 2s and 2p, and Pd Ad states. 
The main complex of Pd Ad states extends from —6 
to —1 cV, indicating a d 10 description is most appro- 
priate, but the Ad character tails up to 4 eV owing 
to hybridization with B 2p states. The low internal 
symmetry and twelve Pd atoms per cell lead to 60 
Pd Ad bands in the 5 eV range, giving rise to the 
"hairy" DOS in Fig. As a result of the strong hy- 
bridization, the B 2p states are themselves repelled, 
so that the B 2p states are divided into one region 
(containing about 20% of the states) from —6.7 eV 
to —4 eV and another region above —1 eV. The Li 
2p character is also separated into one region (con- 
taining 10% of the states) from —6.7 eV to about 

— 1.3 eV and another region above —1 eV. Separa- 
tions due to this repulsion make electron-depleted 
deep valleys, especially around —4 eV and —1 eV. 
The Li 2s states spread across a wide range, but they 
are only about 20% occupied (i.e. 1/5 and not 1/2 
of the isolated Li atom). Thus Li may be somewhat 
cationic in this compound, a conclusion reached by 
Chandra et al. on geometric grounds. |16| 

The band mixture remains complex near the 
Fermi energy (Ep ), as shown by the atomic and or- 
bital projected DOS in Fig. [21 in a small region near 
Ep (taken as the zero of energy). The total and 
the Pd contribution are relatively constant within a 
few tenths of an eV of Ep, whereas the B 2p contri- 
bution has a maximum near E^ . The DOS at the 
Fermi level N(0) is 2.24 states/eV per formula unit 
(both spins). It is composed of 60% Pd, 20% Li, 
and 20% B characters (note that the contribution 
per atom is almost the same from B as from Pd). 
In particular, the Pd Ad states show the primary 
contribution, about 50% of N(0), even though the 
"full d bands" are best pictured in terms of a Ad 10 
configuration. The linear specific heat coefficient 7 
= 9.0 mJ/mol-K 2 j2^| corresponds to a quasiparti- 
cle density of states N*(0) = (1 + A)iV(0) = 3.82 
states/eV- formula unit. This leads to a dynamical 
mass enhancement A = 0.75. 

The complexity of the band structure is displayed 
clearly in the expanded band structure near Ep in 
Fig. |31 Four bands cross E^, but the most interest- 
ing feature comes from as small region of flat bands 
lying just —70 meV below Ep at both the T and X 
points. The flat bands are sensitive to the position 
of the atoms, indicative of electron-phonon coupling 
(see below). In contrast to the result of the previ- 
ous report [la] using the experimental values of the 
Li position, the flat bands are located at the identi- 
cal energy of —70 meV after relaxation, because the 
flat bands at the V and X points have different de- 
formation potentials (Sec. III.D). The difference in 
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FIG. 3: Blowup of the band structure within 1 eV of the 
Fermi energy. Note that the flat bands lie at —70 meV at 
the r and X points in the bands without spin-orbit cou- 
pling included (top panel). The bottom panel includes 
spin-orbit coupling (see text for discussion). R denotes 
the zone boundary point along a < 111 > direction. The 
horizontal dashed lines indicate the Fermi energy. 



the deformation potential comes from difference in 
character of the flat bands, as shown in the fatband 
representations of Fig. 0] Both fiat bands are B 2p 
and Pd Ad mixture. However, the band at the F 
point is mostly B 2p character, while at the X point 
Pd Ad and B 2p characters have similar magnitude. 

In addition, the nonsymmorphic space group 
without inversion leads to unusual behavior in the 
band structure, as found in MnSi with the B20 
structure Q which also has a cubic Bravais lattice 
(but a quite distinctive one). The most clearly ev- 
ident result of the nonsymmorphic nature of this 
P4 3 32 space group is that it leads to all bands at 
the zone corner R point being fourfold degenerate, 
see for example the complex at 0.2 eV in the top 



FIG. 4: (Color online) "Fatband" representations of the 
B 2p and Pd Ad states within 0.5 eV of the Fermi energy. 
(Li shows very little character in this range.) The size 
of symbols is proportional to character of B 2p (Pd Ad) 
states. The arrows denote the flat bands lying at —70 
meV at the F and X points. The horizontal dashed lines 
indicate the Fermi energy. 

panel of Fig. [21 Secondly, many bands at symmetry 
points have the unusual feature of nonzero velocity 
due to the space group; see for example the afore- 
mentioned bands at the R point, some threefold rep- 
resentations at the r point which have two nonzero 
velocities (at 0.3 eV in the top panel of Fig. |3J, and 
also some bands at the X and M points. This type 
of "band sticking" due to non-symmorphic opera- 
tions has been discussed at some length for the case 
of MnSi.Q Note that the threefold bands at the T 
point consist of one band with zero velocity and two 
other bands with nonzero velocities having identical 
magnitude but opposite sign. 



B. Fermi Surfaces 

We show the more complex pieces of the Fermi 
surface in Fig. [S]that correspond to the bands shown 
in the top panel of Fig. 3. In addition to those 
shown, there are ellipsoid-like pockets at the X (elec- 
tron), R (hole), and M (electron) points. The dimen- 
sions of these simple pockets can be seen from Fermi 
level crossings in Fig. 3. 

The top panel of Fig. [S]shows a T-centered surface 
that is topologically that of a hollow ball with holes 
along the cubic axes ( "wiffle ball" ) . The topology of 
this surface, which encloses holes, is quite involved, 
with areas of both positive and negative curvature. 
In addition there are lenses lying along the < 1 1 1 > 
directions; the dimension along the T-R line can be 
obtained from Fig. 3. The bottom panel shows an 
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electron jack at the T point, an additional ellipsoidal 
surface (holes) at the M point, and a squarish pillow 
(hole) at the X point. 

These Fermi surfaces can be compared with those 
presented by Chandra et aL[l|| Although there is 
much general similarity, there are differences in de- 
tail that might have some importance. The wifflc 
ball and lenses show quite small differences (consid- 
ering the complexity of this shape). The electron 
jack has a decidedly different shape but similar size, 
and one of our ellipsoid-like surfaces around the M 
point becomes a much more convoluted surface in 
the result of Chandra et al. The associated differ- 
ences in the two band structures, which can be seen 
by comparing the band plots, reflect differences in 
the accuracy of the respective code. They have used 
a relatively new code VENUS which makes it diffi- 
cult to speculate on the origin of the differences. We 
have relaxed the positions of the Li and Pd atoms in 
our calculation, however, and find that this change 
makes the extra T-centered tiny jack in their calcu- 
lation disappear in our results. 

We have displayed the Fermi surfaces for the 
bands without spin-orbit coupling. As can be seen 
from the bottom panel of Fig. 3, the actual Fermi 
surfaces will be only slightly more complicated due 
to SOC (see Sec. IliTCl 



C. Spin-orbit Coupling without Inversion 
Symmetry 

Interest in the effect of SOC in superconductors 
without inversion symmetry has intensified very re- 
cently. Li2Pd3f3 with its T c = 8 K is the prime 
example at this time: Pd, and more especially Pt, 
is heavy enough to make SOC an important consid- 
eration, and the symmetry deviates seriously from 
inversion-symmetric. As one example of the magni- 
tude of inversion-breaking: the B-Pd-B bond angle, 
180° in a perovskite, is only 162° in this system, and 
Pd (Pt) is where any appreciable SOC will arise. 

The effect of SOC on the band structure of 
Li2PdaB is displayed in the lower panel of Fig. [21 
A surprise is evident: whereas the normal effect of 
SOC is to lift degeneracies at symmetry points/lines 
and introduce anticrossings among bands, in this 
case the number of bands has doubled in addition to 
the usual effects. This doubling indicates that both 
spin-up and spin-down bands become mixed and ap- 
pear on the same band structure, a consequence of 
the lack of a center of inversion. When inversion 
symmetry is present, the up- and down-spin bands 
are still mixed by SOC, but a degeneracy k point 
by k point is retained, the bands being spin conju- 
gates of each other. It is this degeneracy that the 





FIG. 5: (Color online) Fermi surfaces of Li2Pd3B, with 
positions of the symmetry points labeled. Several ellip- 
soid pieces are not shown here, but are noted in the text. 
The Fermi surfaces shown are from the second and third 
of the four bands that cross the Fermi energy and are 
described in the text. 



lack of an inversion center removes, and it is the 
consequences of this lack of symmetry that has at- 
tracted attention recently. 0- El LH There is still a 
degeneracy = due to time reversal; the first 
will have mostly spin-up character with some spin- 
down (say) and the other will the identical amount 
of spin-down with some spin-up. Lack of inversion 
does not require exotic pairing, since the states are 
still time-reversed conjugates and can form singlet 
pairs (Anderson's theorem). Triplet pairing (or its 
generalization), on the other hand, is strongly sup- 
pressed, being driven to FFLO (Fulde-Farrel-Larkin- 
Ovchinnikov) type q ^ pairing. 

Some quantitative estimate of an FFLO modula- 
tion in a 'triplet' state can be obtained. Splittings 
near Ep resulting from SOC + no inversion range 
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FIG. 6: (Color online)Energy change when (a) Li is dis- 
placed along the < 111 > direction and (b) Pd along the 
< Oil > direction, uo is the position displaced by —0.06 
A for Li and +0.01 A for Pd from the experimentally re- 
ported position. Eo is energy for uq. The fitting function 
f(u) is given by £0 + 12(1* — u' a ) 2 + 0,3(11 — u'c) 3 + a4(u~u' ) 4 , 
and h(u)=eo + 0,2(11 — u' ) 2 is a harmonic approximated 
function of f(it)- u 'o is the equilibrium position denoted 
by the vertical arrows. 

from zero to 30 meV determined primarily by the 
amount of Pd character. Given the typical Fermi ve- 
locity of 0.75 eV/(7r/a)« 3xl0 7 cm/s, the splitting 
of Fermi surfaces can be up to q = Ak ~ 0.047r/a, 
with corresponding modulation wavelength of ~ 50a 
~ 350 A. The cost in kinetic energy is q 2 /2m ~ 1 
meV, which comparing to the superconducting con- 
densation energy ~ A 2 /E,f seems to kill any possi- 
bility of an FFLO triplet state. Moreover, the obser- 
vation of a Hebel-Slichter peak in the n B spin-lattice 
relaxation time^| strongly supports nodeless pair- 
ing. 

D. A 9 Phonon Modes 

Keeping the space group fixed, we can displace Pd 
along one < 011 > direction (its variable internal 
coordinate) or (and) Li along a < 111 > direction. 
Figure [5] shows the energy change for displacement 
of Li and Pd separately. The data can be fit very 
well by expanding up to 4th order of the displace- 
ment, and the region near the equilibrium position is 
fit quite well with the harmonic approximation. The 
fitted constants are given in Table ITT1 By displacing 
Li and Pd simultaneously, the two A g phonon fre- 
quencies and eigenvectors can be determined. Con- 
sidering only the harmonic term, the two frequen- 
cies are Wi=40.6 meV (96% from Li and 4% from 
Pd) and W2=13.0 meV (almost 50% from the each 
type of atom). Clearly u 2 shows much more cou- 
pling effect, 13% softening, whereas uj\ has nearly 
negligible coupling, consistent with the character of 



TABLE II: Fitting parameters of the energy change for 
Li and Pd displacements. The parameters, a n for Li and 
b n for Pd (in eV/A* 1 ), are coefficients of the nth order 
displacement terms and c (in eV/A 2 ) is the first order 
coupling term. The frequency ui obtained from the har- 
monic approximation is given in meV. Li/Pd denotes a 
case where both atoms were displaced. The force con- 
stant ma) 2 , where m is an atomic mass, is 2.7 for Li and 
5.8 for Pd (in eV/A 2 ). 
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FIG. 7: (Color online)Distribution of the deformation 
potential T> at the Fermi level, when Pd moves along 
the < 011 > direction. The vertical bar indicates the 
strength, and is placed at the positions where the bands 
cross the Fermi level. 

the phonon eigenvectors. The value of W\ is almost 
exactly equal to the experimentally reported maxi- 
mum value of Li metal, |24J whereas 0J2 is much softer 
than the 30 meV maximum for Pd metal. p5| 

E. Deformation Potential 

A deformation potential D is defined as an energy 
shift with respect to (periodic) atomic displacement. 
Figure [7| displays the strong k variation of the defor- 
mation potential for selected bands at Ep with re- 
spect to Pd motion along the < 011 > direction. The 
value is large near the T and R points but smaller 
near the M and X points, reflecting the strong vari- 
ation of the Pd character around the Fermi surface. 
The variation of Pd/B character is pictured in the 
fatband representations given in Fig. but the de- 
formation potential may not be simply related to 
the amount of Pd character. The averaged potential 



G 



(2?pd) for these points, and its variance, is 1.15(±0.6) 
eV/A, a value indicating significant Pd contribution 
to electron-phonon coupling, as we show below. The 
maximum value of about 4 eV/A=3.4 (D Pd ) occurs 
for the flat band lying just below at the T point 
(not shown in Fig. (7J, whereas the other flat band at 
the X point has a value only comparable with (2?pd). 

For a physical feeling for the magnitude of the 
coupling, note that the flat band at the T point 
with large deformation potential crosses Ep when 
Pd is displaced by about —0.03 A , while at the X 
point it requires a displacement of —0.06 A from 
the relaxed position. B 2p character at Ep is con- 
sistent with the 11 B NMR data of Nishiyama and 
coworkers. |15| Unlike Pd, the Li deformation po- 
tential is small (by an order of magnitude) (2?Li) — 
0.11(±0.06) eV/A, with the maximum value of 0.27 
eV/A occurring at the r point. The contribution of 
the deformation potentials to the electron-phonon 
coupling constant can be measured by the quan- 
tity Ai=N(0)(Pf )/{Mi)u%, where (Mi) is an average 
mass of mode i (for example, approximately M Li for 
u>i and a half of M Pd +M Li for 012)- Using the mean 
of the two values of (V2) for A2, the ratio of A2/A1 
is 30, clearly indicating that the electron-phonon 
coupling is mainly from Pd contribution. We have 
however not assessed possible coupling from the B 
atom. The large C isotope coefficient |2q ac — 0.54 
in MgCNi3 suggests that coupling to B indeed may 
be important. 

We have used the Allen-Dynes equation[27j to as- 
sess these quantities in relation to the measured T c 
= 8 K. Clear conclusions are not possible because for 
T c of 8 K or less, the uncertain value of the effective 
Coulomb repulsion /i* introduces uncertainty. We 
concentrate on the value A ~ 0.7, which is the spe- 
cific heat mass enhancement, and this value is also 
the "mode A" for the lower frequency A g mode. Us- 
ing a representative phonon frequency Q = 13 meV 
(the A g mode), then ^i* = 0.10 gives T c = 5.4 K, 
while /i*=0.15 gives T c = 3.7 K. Increasing Q, to 
23 meV, the values become T c (^*=0.10) = 9.6 K, 
T c (^*=0.15) = 6.0 K. These values indicate that a 
mean phonon energy of 20 meV with A = 0.7 may 
be necessary to account for T^ xp — 8 K. 



IV. THE Pt ANALOG 

The decrease of T c from 8 K to less than 3 K 
in the Pt analog provides a potentially important 
clue into the mechanism of superconductivity, so 
we have looked at the differences in the electronic 
structure. For Li2Pt3B, we used the experimen- 
tally reported structure without relaxation, ,13] since 
relaxation produced relatively small difference in 
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FIG. 8: Blowup of the Li2Pt3B band structure within 1 
eV of the Fermi energy, plotted identically to those for 
Li2PdsB in Fig. [3] Top panel, without spin-orbit cou- 
pling; bottom panel, spin-orbit included. Even without 
spin-orbit, it is rather difficult to see any close corre- 
spondence between the Li2Pt3B and Li2PdsB (Fig. [3J 
bands; see text for further discussion of differences. The 
bottom panel reveals the strong effects in Pt arising from 
coupling of the spins to real space motion of electrons. 



Li2PdsB. The valence orbitals of Pt were taken to 
be 4f5sbp6s6p5d, with Li and B being treated as 
before. 

The resulting band structure is plotted in Fig. [S] 
on the same scale as those of Li2PdaB in Fig. [31 
so direct comparison can be made. Given the same 
cell volume and the similarity of Pd and Pt in many 
respects, it is somewhat surprising that the bands 
show so much difference. The Fermi level DOS ac- 
tually increases, to 2.9 states/eV per formula unit. 
The differences, such as more bands in the region 
within 1 eV below Ep, can be traced to the wider 
bandwidth, which also places more d character at 
Ep. The occupied bandwidth is 7.6 eV compared 
to 6.7 eV in Li 2 Pd 2 B (Fig. [TJ and the d bandwidth 
(region of large DOS) is ~15% wider and extends 
more strongly to Ep. 

The bottom panel of Fig. 8 shows the consequence 
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of SOC in the Pt compound. Splittings near ~Ep as 
large as 200 meV occur, for example, the band be- 
low Ej? at the X point. More generally, the splittings 
are perhaps on average a factor of two or so larger 
than for the Pd compound. It can be seen that four- 
fold degeneracies at the R point survive SOC, as do 
the degeneracies at the M point, while the threefold 
states at the T point are split to doublet plus singlet. 

The FPLO method, being atomic orbital based, 
can be used to provide a Mulliken decomposition of 
charges. While the atomic charges depend some- 
what on the choice of orbitals, it is possible that 
the differences in charges for these two compounds 
can provide some insight. The Mulliken effective 
charges are, in the L^PdaB compound: Li, —0.08; 
Pd, +0.17; B, -0.34; and for the Li 2 Pt 3 B com- 
pound: Li, +0.11; Pt, +0.02; B, -0.28. The main 
difference is that Pt is effectively neutral while Pd 
is noticeably cationic. These charges do not support 
the suggestions, discussed earlier, that Li is cationic 
in Li2PdaB, although it may become somewhat an- 
ionic in Li2Pt3B. 

V. DISCUSSION AND SUMMARY 

Considering that the local coordination and the 
similar valences of the constituents (Li2 <-> Mg, Pd 
<-> Ni, B with one less electron than C) and that 
both compounds superconduct at the same temper- 
ature of 8 K, it is worthwhile to consider whether 
there is any realistic comparison with MgCNi3. In 
both systems there is a nominal d 10 configuration of 
the transition metal atom, but strong d character re- 
mains at the Fermi surface. The volume per formula 
unit is 30% larger in Li2PdaB, much more than ex- 
pected from simple Ni— >Pd replacement and reflect- 
ing the more open structure of Li2PdaB. Moreover, 
the band structures do not show much resemblance 
(the four times larger cell makes comparison diffi- 
cult, however). The DOS of MgCNi3 is dominated 
by a very high and very narrow peak in the density 
of states 45 meV below Ejr, derived from a very flat 
band all around the M point of the Brillouin zone. 
In Li 2 Pd3B there is no analogous feature (see Fig. 
[3J). There is a fairly flat band along the M-X line 
that is cut, and hybridized with, a steeper band, as 
can be seen in Fig. ^ but there is no corresponding 
DOS peak. The value of N(0) is only 45% of that of 



MgCNi 3 (per formula unit).^ The band filling is, 
of course, one electron higher in Li2Pd3B. 

Generally, we identify no close relationship be- 
tween the electronic structures of these two sys- 
tems, and the differences are substantial. The lack 
of inversion symmetry and substantial (large) spin- 
orbit coupling in the Pd (respectively, Pt) com- 
pound make the electronic structure much richer, 
with complicated Fermi surfaces. Comparison of 
the calculated N(0) with the linear specific heat 
coefficient leads to a dynamical mass enhancement 
A ~ 0.75, which if due to clcctron-phonon coupling 
is in the right range to account for T c . One partic- 
ular Pd vibration is calculated to have a mode A of 
this same size. However, the Li A g mode is found 
to be very weakly coupled. This means that the 
clcctron-phonon coupling varies strongly throughout 
the phonon spectrum, and most likely also across the 
Fermi surface. 

The differences between Li2Pd3B and Li2Pt3B 
are strong enough that the origin of the difference 
in their values of T c is unclear. Strong spin-orbit 
coupling together with the lack of inversion sym- 
metry, coupled with the observation of a Hebel- 
Slichtcr coherence peak in the spin-lattice relax- 
ation rate, strongly points to conventional rather 
than exotic pairing, and we have begun to probe 
electron-phonon coupling in this system. MgCNi3 
has been found to have very strong coupling to cer- 
tain modes, 29] if the analogy to this compound is 
relevant. If the coupling is primarily to the Pd 
(Pt), the difference in masses leads to a decrease 
by ^106/195 = 0.74, roughly half of the reduction 
factor that is needed. A difference in A of only 15% 
would be required to give the further reduction of 
T c , and the electronic structure is different enough 
to allow this possibility. 
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